Abstract Thalassemias as well as structural hemoglobin (Hb) variants are common monogenic inherited disorders of Hb in India. In this paper we describe 5 rare b-chain Hb variants identified in the Indian population on the basis of high performance liquid chromatography (HPLC). Of these 3 were identified during antenatal screening of b-thalassemia while the other 2 cases were referred to us for a diagnostic work up. 
Introduction
The inherited disorders of hemoglobin (Hb), both the thalassemias due to reduced synthesis of globin chains as well as structural Hb variants are common monogenic disorders in India. [1] Every centre involved in screening and diagnosis of the hemoglobinopathies encounters rare or unusual Hb variants which are mostly picked up as abnormal peaks on high performance liquid chromatography (HPLC) or electrophoresis. We describe five rare b chain Hb variants identified in the Indian population.
Material and Methods
Five unusual b globin chain Hb variants were encountered over a period of 5 years. The complete blood counts were done on a Sysmex K1000 automated Hematology Analyzer Hb A 2 , Hb F and other Hb variants were quantitated by HPLC (Variant Hb Testing System or Variant II, Biorad Laboratories, Hercules CA, USA). Hb electrophoresis on cellulose acetate membranes at alkaline pH and the heat stability test were done wherever possible. The variants were identified by DNA sequencing on the ABI 3130 XL 16 capillary genetic analyzer (Applied Biosystem, CA, USA). The study was approved by our Institutional Ethics Committee.
Results
3 of the 5 Hb variants were identified during antenatal screening for b thalassemia while the other 2 cases were referred to us for a diagnostic work-up. The hematological findings are shown in Table 1 and the HPLC profiles in Fig. 1 and the DNA sequence analysis in Fig. 2 . 
Case 3
This was a 30 year old lady who was asymptomatic but her husband had sickle cell trait. Her hematological indices were normal but on Hb analysis she had an abnormal peak in the Hb A 2 window of 41.4 % DNA sequencing showed a b chain variant Hb G Coushatta (b CD 22 GAA ? GCA; HBB: c:68 A ? C).
Case 4
A 28 year old female was screened for b thalassemia during an antenatal check-up. Her red cell indices were normal. Hemoglobin analysis revealed a normal Hb A 2 and Hb F but a large unknown peak of 53.4 % eluting at 
Case 5
This 31 year old female was also screened for b thalassemia during her antenatal visit and although she was not a carrier of b thalassemia, on HPLC she showed a peak of 42.6 % in the Hb C window. On DNA sequencing, this variant was identified as Hb Agenogi (b CD 90 GAG ? AAG; HBB: c. 271 G ? A).
Discussion
The population of India is extremely heterogeneous with racial, cultural and religious diversity. We identified 5 rare b globin chain variants in individuals originating from different states. Hb British Columbia has been described earlier in a 26 year old east India male from Canada and a Caucasian family in the USA, and was associated with mild erythrocytosis [2, 3] . Our case had a Hb of 12.0 g/dl and an RBC count of 5.1 9 10 6 /ll but had no clinical manifestations.
Hb Saint Louis has been associated with a chronic hemolytic anemia and cyanosis and occasional cases have been reported from the French, Slovakian and Yugoslavian population [4] [5] [6] [7] . Our case had a similar presentation although the percentage of the variant was relatively low (17.7 %). We are not aware of any history of blood transfusion in this case which could have led to an erroneous low percent of the variant. As this variant was unstable, it is also possible that some of the haemoglobin could have precipitated leading to a lower percentage seen on HPLC.
Hb G-Coushatta also known as Hb G Hsim Chu, Hb Saskatoon or Hb G Taegu has been reported from many countries including Algeria, Japan, Korea, Thailand, Egypt and recently from China, Turkey and Sri Lanka [4, 8] . This variant has had no clinical presentation in the heterozygous or homozygous condition or when inherited with b
? thalassemia. Our case with this variant was also asymptomatic.
The first report of Hb Pyrgos was in a Greek in combination with HbS leading to no clinical manifestations. The second was is an African from the Republic of Mali, also not associated with any clinical consequences. Hb Pyrgos is a relatively common Hb variant in the South East Asian region particularly in North East and Central Although many of these variants may not have clinical consequences, it is important to differentiate them from other clinically significant variants. Hb St. Louis and Hb G Coushatta elute in the Hb A 2 window and could be mistaken for the common variants like Hb E and Hb D Iran which also elute in the same window on HPLC. Hb British Columbia and Hb Agenogi elute in the Hb C window and may be misclassified as Hb C, which is not a common Hb variant in the Indian population. Thus they need to be interpreted with caution. If a simple cellulose acetate electrophoresis at alkaline pH is also run when such variants are encountered, some of these problems may be resolved. Current guidelines too stipulate that at least 2 techniques based on different principles should be applied for presumptive identification of any Hb variants found [11] . The presence of some of these Hb variants may affect the estimation of HbA1c by HPLC [12, 13] . HbG Coushatta interferes with the quantitation of HbA1c, the HbA1c level measured by HPLC being reduced to about half the actual level thereby leading to a pitfall in diabetic care [13] . These 5 rare Hb variants add to the repertoire of hemoglobinopathies seen in the Indian population.
